Exploration of the specific role of cystine in the postexponential growth of Streptococcus faecalis led to an inquiry into the fate of cellular coenzyme A (CoA) and acyl carrier protein (ACP), both of which depend for their biosynthesis on cystine and pantothenate as precursors. In S. faecalis cells labeled by growth in the presence of '4C-pantothenate, the label could be separated on the basis of solubility at pH 2.1 into two fractions of sharply differing metabolic characteristics. The fractions were not purified, but the soluble '4C behaved analytically like CoA, and the insoluble 14C was considered to represent an ACP-like entity on the basis of circumstantial evidence. The fate of these two fractions under various conditions of growth was studied. When the medium contained an excess of the needed precursors, the cellular content of CoA and ACP appeared to remain constant during exponential growth, and in a molar ratio of about 4 CoA to 1 ACP. Cellular ACP, once formed, appeared to be stable under these conditions, but CoA was degraded and replaced at the rate of approximately 20% per division period. With restrictive levels of pantothenate in the medium, initially formed CoA disappeared during growth, as a result, apparently of being converted to ACP. However, when the resulting CoA-depleted cells were returned to a medium containing enough pantothenate, resumption of normal growth was preceded by a lag period, during which rapid conversion of ACP to CoA appeared to take place.
In our studies on the postexponential growth of Streptococcus faecalis 9790, it became evident that cystine plays an important and specific (not replaceable by methionine) role in the synthesis of wall and membrane substance (11) and that, in addition to being a protein component, it is a precursor in coenzyme A (CoA) biosynthesis (12) , and presumably also in acyl carrier protein (ACP) biosynthesis (Das and Toennies, 7th Int. Congr. Biochem. Abstr. 4:789, 1967 ). This precursor function relates the streptococcal metabolism of cystine to that of pantothenate, since the latter is also an essential building block of the two acyl transfer factors (14) . Study of the relations between the concentrations of exogenous pantothenate and cellular CoA indicated that during exponential growth CoA may turn over rapidly and also that, in the absence of continuous pantothenate-dependent replacement, CoA disappears from the cells well before exponential growth is terminated by the onset of cellular lysis (12) .
The observation of CoA disappearance during growth and the now well-established status of ACP (14) demanded a search for this intermediate (ACP) in our system. The present paper deals with the fate of "4C-pantothenate under different conditions of growth. The results suggest that the major products of assimilated pantothenate are CoA and ACP, and that the former is subject to rapid turnover, with an extracellular compound (or compounds) and ACP as the apparent terminal products.
MATERIALS AND METHODS
Reagents and cultures. Pantothenate-1-'4C (New England Nuclear Corp., Boston, Mass.) had specific activities of 3.3 to 5.5 mc per mmole. Glycine-NaClHCl buffers were made according to Sorensen (9) .
Methods of bacterial growth and measurement have been described (11, 12) . The measured optical density was converted to adjusted optical density (AOD) units CoA AND ACP IN STREPTOCOCCAL GROWTH Tracer procedures. A buffered modification (3) of Bray's scintillation system, which provides constant efficiency, was used to assay 14C. Each counting vial contained, in addition to 15 ml of Bray fluid, a total of 2.5 ml of buffered (0.6 M phosphate, pH 6.5) double-strength culture medium and 2.5 ml of water or, in the case of cell digests, 0.20 N NaOH. Insoluble cellular materials had to be digested overnight at 38 C with 0.5 ml of 1 N NaOH to obtain maximal counts. NaOH at a concentration of 25 mm does not affect the counting efficiency. Where needed, counting efficiencies were determined with '4C-toluene.
In the studies of growing cultures (Fig. 2) , up to 5 ml of the whole culture suspension or supernatant liquid could be counted directly (3) . Samples of the cultures were centrifuged, and the cells, after being washed twice with cold nonradioactive medium, were digested overnight with alkali, as described, prior to measuring radioactivity.
For the differential determination of cellular CoA and ACP by isoelectric precipitation of the latter at pH 2.1, as discussed in the Results section, cells, centrifuged and washed as above, were digested in Tefloncapped tubes (13) for 20 min at 100 C with glycineNaCl-HCl buffer (0.1 or 1.0 M); the insoluble residue was washed twice with the same volume of buffer, digested overnight with alkali, and counted.
In the determination of the radioactivity of the pH 2.1 supernatant liquid (CoA), the presence of the glycine buffer required counting efficiency corrections.
RESULTS AND DISCUSSION Determination of ACP and CoA. The proposed investigation of the dynamics of the pantothenatecontaining factors during growth demanded a method which is simple, suitable for small serial samples, and reasonably precise. CoA as a nucleotide has a wide range of solubility, and ACP as a protein is acid-precipitable; pH 1 and pH 3.6 have been used (4, 8) as precipitation points in the purification of ACP. Since it is now well established (8) (15) . We assign to CoA the radioactivity in the fraction which is soluble at pH 2.1. This assignment has been confirmed by determinations in which the previously used enzymatic-microbiological method of Brown (2) and the enzymatic method of Stadtman (10) (where growth ceases) were transferred to normal nonradioactive medium at an initial density of 300 AOD units. After a lag period of about 30 min, these cells resumed exponential growth with a duplication time of 34 min.
When pantothenate was available in abundance (Al, Fig. 2 (Fig. 2) .
Our earlier study (12) showed that during growth in response to marginal pantothenate levels there is both a rise and a fall of the CoA level. This phenomenon was confirmed in the present study (C, Fig. 2 98, 1969 although in the very beginning CoA is formed more rapidly than ACP (as under the "normal" conditions of A), the quantitative dominance of CoA disappears when the precursor molecule, pantothenate, approaches depletion. ACP again displays a high degree of stability, so that the slow loss of label from the cells, after the initial rise, reflects mainly the continued degradation of CoA, which again results in an increase of extracellular label.
In B (Fig. 2) , it can be seen what happens when "normal" cells, grown as in Al, are transferred to a pantothenate-free medium. Our earlier study (12) showed that continued exponential growth under these conditions is accompanied by disappearance of CoA and severe restriction of lipid phosphorus (membrane) synthesis, with eventual cessation of growth. The present data confirm the loss of CoA and indicate very clearly that cellular ACP is synthesized at the expense of cellular CoA. They also show that this process is accompanied by the appearance of extracellular pantothenate label, just as in A2 and C. In this experiment, the parent culture (Al) was diluted from 1,000 to 100 AOD units; therefore, the available CoA and ACP would allow for a CoA and ACP content of 10% of normal when the new culture reached 1,000 AOD units, i.e., the area of fading capacity for further growth. At this point, the ACP level has increased to about one-third of normal, at the expense of CoA which has declined to about 1 % of normal.
When cells grown as in B, and therefore abnormal in amount and ratio of ACP and CoA, were exposed to a normal pantothenate level (D), the flow from CoA to ACP appeared to be reversed: ACP decreased rapidly while CoA increased. The isotope pattern conforms with the assumption that, in response to an adequate pantothenate (unlabeled) concentration of the medium, the ratio of CoA to ACP tends to return rapidly toward its normal level of four. The other experiments showed no evidence of reversibility of the CoA-to-ACP path, but it should be noted that in D the bulk of this reversal appears to take place in the very beginning and that at this time there is a lag of some 30 min before the turbidity increases exponentially. Therefore, the lag may be said to be due to the lack of CoA (just as was the slow-down of growth in B and C), and the lag is resolved by the rapid conversion of available ACP to CoA.
The data suggest a conflicting relation between the demands of viability and the demands of growth: viability depends on available ACP, and under conditions of chemical stress this is insured at the expense of CoA, whereas growth depends on available CoA, and under conditions of opportunity (pantothenate supply) this is provided at the expense of ACP. The "fact of life" that there can be viability without growth, but no growth without viability, finds its expression in the priority of ACP under restricted conditions, and its greater metabolic stability. In their studies with E. coli, Alberts and Vagelos (1) also found evidence for the metabolic ascendancy of ACP and concluded that ACP concentrations are maintained at the expense of CoA.
